The purpose of this study was to investigate the reproducibility and utility of a standardised and externally paced field test (15- 
INTRODUCTION
Lifestyle diseases and metabolic syndrome due to overeating and insufficient exercise are currently a problem facing many middle-aged adults people in developed countries [8, 22] , and there is growing concern over the aerobic fitness of this age group.
It is clear that aerobic fitness in middle-aged adults correlates negatively with risk factors for high blood pressure and coronary artery disease [12, 21, 25] , and it contributes to prevention of lifestyle diseases and reduced mortality if maintained at a high level [2, 3, 23] . V ． O 2max and anaerobic threshold (AT) are recognized as objective and valid standards for aerobic fitness [5, 14, 24] , and the proper evaluation of V
and AT is, therefore, important in assessing the health and healthcare needs of middle-aged adults. V ． O 2max can be evaluated using a cardiopulmonary exercise test (CPX) or field tests [13, 20] . The CPX provides an accurate measure of V ． O 2max , but it is not widely used in clinical settings because it requires expensive, complicated equipment and trained staff, whereas field tests are a widely used alternative because they are simple, inexpensive, and do not require specialized equipment.
The 1500-m fast walk and 20-m shuttle run test are currently used as field tests for middle-aged adults [10, 13] , and they are recommended in Japan by the Ministry of Education, Culture, Sports, Science and Technology (MEXT).
However, the 1500-m fast walk has certain drawbacks. The exercise workload is not quantified, since the participants walk at their own pace, producing test results influenced by the participants' own inclinations and comfort zones. The test is therefore not standardised, and its reliability and validity have not been sufficiently studied. This Development of a Field Test for Evaluating Aerobic Fitness in the Middle-aged Adults 3 test is also restricted by weather and location, since it requires a track and is usually performed outside.
The 20-m SRT has been well studied in young people, showing good reproducibility and a strong correlation between test performance and V ． O 2max [4, 15, 17] , but it has not been tested in middle-aged adults. Because the 20-m SRT was originally developed to evaluate the aerobic fitness of athletes, the estimated V ． O 2max at the first stage was set at 27.8 ml/kg/min, a high level of exercise intensity. This field test cannot therefore be used to evaluate aerobic fitness below a V ． O 2max of 27.8 ml/kg/min, and it would impose an excessive, high-risk workload on middle-aged adults.
Singh and colleagues modified the 20-m SRT to produce the 10-m Incremental Shuttle Walking Test (10-m ISWT) [20] for evaluating the aerobic fitness of patients with chronic obstructive pulmonary disease (COPD). Because the 10-m ISWT uses an external sound to control walking speed, it can increase the exercise load to the limits of the participant's fitness in the same way as the CPX. The test also has high reproducibility over repeated measurements [20] and shows a good correlation between test performance and peak oxygen intake V ． O 2peak [19] . This test is now widely used throughout the world as a field test for evaluating the aerobic fitness of patients with respiratory and cardiovascular disease. However, because the 10-m ISWT was developed for COPD patients, the maximum estimated V kg. Participants' selection criteria were: 1) 40-59 years old; 2) male; 3) capable of running; 4) no history of bone and joint disease or cardiorespiratory disease that would impede the exercise; and 5) gave consent to take part in the research. This study met the ethical standards suggested by Harriss and Atkinson [9] , and ethics approval was obtained from the Nagasaki University Graduate School Ethics Committee. A limiting factor in this study was that the participant group comprised volunteers rather than being randomly selected. Thus, the possibility of selection bias cannot be ruled out. Furthermore, only middle-aged men, no women, were included. A future study using a large group of randomly selected participants is needed to address the limitations of this study.
Study Design
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RESULTS
Reproducibility of the 15-m ISWRT based on repeated measurements
Measurements from the three 15-m ISWRT tests performed in one week (Test 1, Test 2, Test 3) are presented in
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Reproducibility of the 15-m ISWRT
CONCLUSION
The reliability and utility of the 15-m ISWRT designed for middle-aged adults and based on the 10-m ISWT developed by Singh and colleagues [20] were evaluated.
Based on the results of this study, the 15-m ISWRT appears to be reliable and useful for evaluating V ． O 2max in middle-aged adults. The 15-m ISWRT is therefore highly recommended as a field test for evaluating aerobic fitness in middle-aged adults.
The reasons for studying the 15-m ISWRT were as follows. 1) As with the 10-m ISWT, the exercise load in the 15-m ISWRT protocol was controlled externally and had been standardised. Furthermore, because it was an incremental test, a near-maximal exercise load up to the symptomatic limit could be applied.
2) The procedure of the 15-m ISWRT is simple, and it does not use expensive equipment. Therefore, it can be administered indoors to many people in one session with just a straight 15-meter course and without the need for testers with specialist knowledge. 3) A pilot study [16] with young, healthy participants demonstrated the utility and validity of the 15-m ISWRT. 
